The results of several recent investigations indicate that length of day or photoperiod is an important factor in determining the length of growing season in certain species of woody plants. The short days of late summer and autumn stop stem elongation and the production of new leaves in a number of species long before temperatures are low enough to check growth. This has been strikingly demonstrated by a hedge of Abelia grandiflora growing on the Duke University campus. Abelia is ordinarily quite hardy, but it has been observed that the plants in this hedge near the electric lights winter-kill badly, while those midway between the lights are never injured. A study was therefore made to determine the cause of this difference.
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The entire hedge was trimmed September 25 and at that time it was quite uniform in appearance. By October 20, when the first light frosts occurred, the plants on each side of the lights for a distance of about five yards were distinctly different in appearance from those farther away. They bore numerous new shoots which were soft and succulent, and covered with pale, green leaves which contrasted strongly with the short, woody shoots, and bronzed, dark-green color of the leaves farther from the light. Difference in color and amount of growth was so marked that it could be seen at a distance of over 200 yards.
The number of new shoots produced since pruning was counted in a strip one foot wide at yard intervals from the lights. The results of 14 such counts were averaged and are shown in figure 1. It will be observed that, beginning five yards from the light, the number of new shoots decreased rapidly with increasing distance up to about 15 yards, where the number became constant. It was also observed that the plants near the lights continued to flower later in the season than the plants at a distance.
Late in November, after several hard freezes had occurred, counts were made of the number of frosted shoots at yard intervals from the lights. It was found that the tips of all the growing, succulent shoots had been killed back two to six inches. The averages of ten such counts are shown in figure 1. It will be observed that the greatest number of dead shoots occurred at three yards from the lights, which is also the point of greatest light intensity, and that no dead shoots were found at a distance of nine or more yards from the lights. The illumination meter calibrated in foot-candles. It was therefore measured at yard intervals from the lights by means of two photronic cells connected in parallel to a microammeter. The curve for light intensity represents the average of five determinations and is plotted in microamperes x 10. It will be noted that the number of new shoots produced after the last pruning, and the number of frosted shoots, are closely correlated with light intensity up to about ten yards from the lights. The most marked effects occur in the first five yards, nearly twice as many shoots being killed at five yards as at six yards. Since the maximum intensity was only two foot-candles, a light intensity of less than one foot-candle will produce a photoperiodic reaction in Abelia. The entire hedge is exposed to weak illumination from the lights, which burn all night; but at a distance greater than ten yards from the light the intensity is too low to affect growth.
Early in September, two dozen vigorous Abelia plants were removed re the nursery, potted, and placed outside the greenhouse. Half of them were exposed to normal length of day while the other half received daylig[ supplemented with sufficient electric light to give a photoperiod of about 14.5 hours, which equals the longest days of midsummer. By early October, only two of the normal-day plants had produced new shoots, while all of the long-day plants bore long, succulent shoots with light-green leaves. The new growth was killed back by November freezes, while the woody shoots and bronzed, dark-green leaves of the normal-day plants were entirely uninjured. It appears that a photoperiod equal to that of midsummer is just as effective in prolonging the growing season as the continuous light to which the hedge is exposed.
Black locust (Robinia pseudoacacia L.) seedlings exposed to long and normal photoperiods reacted in the same manner as Abelia. The normal-day plants ceased growth in September while the long-day plants continued rapid growth until killed by freezing weather in November. The normalday plants were entirely uninjured by these freezes.
Discussion
The results of these experiments clearly indicate that winter killing resulted from the failure of the Abelia to cease growth and become hardened before freezing weather occurred. The failure to cease growth can definitely be attributed to the photoperiodic stimulation of electric light. It is evidently unwise to plant Abelia too near bright lights. The same conclusions apply to black locust.
These results are in accord with those of certain Russian workers who have stressed the importance of photoperiodic reaction in determining the degree of cold resistance of woody plants. BOGDANOV (1) and MOSHKOV (3, 4) found that certain southern species transferred to the long days of northern Russia continued to grow in the autumn until killed by frost. If the photoperiod was artificially shortened they ceased growth before freezing weather occurred, and survived the winter without injury. As the writer (2) has reported, not all trees are sensitive to a long photoperiod, and it is unlikely that all shrubs are sensitive. It is believed, however, that many instances of winter killing of isolated trees and shrubs result from proximity to electric lights causing growth to continue too late in the autumn. Several such occurrences have already been reported to the writer, and it is hoped that other investigators will search for similar examples. Information of this nature will enable those in charge of planting operations to avoid disappointments by keeping light sensitive plants away from bright lights. DUKE UNIVERSITY DURHAM1, NORTH CAROLINA
